Land degradation due to compaction is a critical issue facing 21 st century agriculture. Deep ripping is a popular solution to remediate compacted Western Australian soils. However, these soils are particularly susceptible to recompaction under vehicle traffic: reliable methods to detect and monitor compaction are therefore needed to inform remediation strategies.
Introduction 1
Land degradation is an issue that is gaining recognition globally as a threat and compaction (Håkansson et al., 1988; Gretton and Salma, 1996; Hamza and 6 Anderson, 2005) . Degradation due to soil compaction, brought about through 7 intensive cropping, short cropping cycles and increased vehicle and herd sizes, is of 8 particular concern for Western Australia (WA), threatening over three quarters 9 (roughly eight million hectares) of WA's agricultural land (Hall et al., 2010; 10 Davies and Lacey, 2011).
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24
Cone Penetrometer Testing (CPT) is a popular method to assess the severity 25 of soil compaction under traffic in virgin (Grunwald et al., 2001; Raper, 2005; Pa-26 tel and Mani, 2011), tilled (Ehlers et al., 1983; Aase et al., 2001 ) and ripped soils 27 (Ellington, 1986; Lardner and Tibbett, 2013) . Several designs of penetrometer (DCPT), the device is driven into the ground by repeated hammering; the kinetic 37 3 energy delivered to the device is used to determine soil resistance when combined 38 with device parameters (e.g. cone diameter and angle etc. (Kazmee et al., 2016) .
46
Penetrometer resistance, q c (or q d for DCPT), is affected by soil density and so
47
can give a measure of soil compaction when compared to historic data; it cannot 48 be converted to density directly as resistance is also strongly affected by soil 49 composition and water content (Yu and Mitchell, 1998; Pournaghiazar et al., 2013; 50 Robertson and Cabal, 2015) . Although some precautions are taken to ensure 51 similar water contents with depth (e.g. Henderson et al. (1988) ), penetrometer 52 results are likely to remain highly variable in tilled or ripped soil where fractured 53 elements of differing density and water retention might persist (Dexter, 1997) .
54
This paper examines the ability of a hand-held, single-operator "PANDA 2" 55 dynamic penetrometer (Sol Solution, 2012) to detect compaction in ripped agri-56 cultural soils. Two sites of differing soil types were identified which had previously 57 been ripped and left fallow for two years. DCPT results were obtained prior to 58 traffic and following one and five passes of an agricultural vehicle and compared 59 to density and water content measurements from trial pits. DCPT repeatability 60 was also assessed via laboratory testing under controlled conditions. The experi-61 mental programme is described in the following section, after which results from 62 the study's laboratory and field components are presented and implications for 63 4 compaction detection using DCPT discussed.
Experimental procedure

Site selection 66
The "Eco Restoration" zone (ER) at The University of Western Australia 67 (UWA) Farm Ridgefield was used for testing. The region has a Köppen-Geiger Table 1 
121
Two trial pits were dug on each site to measure density and water content 
127
Trial pits showed no indication of large soil clods above the ripping line: 128 rather, the soil texture was largely uniform. in the field were selected to reduce the chance of densification during penetra-146 tion; high humidity was used to produce low suctions and so reduce the risk of 147 elevating penetration resistance above that that could be measured. Results from trial pits at Sites A and B are given in likely vary with penetration resistance and probed depths.
267
• Changes in q d could not reliably be detected in highly heterogeneous layers,
268
for example pre-existing ripped material.
269
• Raw penetration profiles were erratic and required smoothing to interpret 270 q d values.
271
In light of these issues, it is unlikely that dynamic penetrometers can provide 
